Introduction {#Sec1}
============

Esophageal cancer (EC) is the seventh most common cancer and sixth leading cause of cancer-related deaths globally, which is characterized by the regional diversity of incidence rate and pathological patterns^[@CR1]^. Platinum-based chemotherapy is recommended as the standard treatment for metastatic EC patients; however, the outcome is poor with a response of 20--50%^[@CR2]^ and 5-year survival \< 5%^[@CR3]^. It is therefore necessary for the risk assessment of disease progression and death, which may result in individualized therapies and improvement of patient survival.

Within the population with cancer metastasis, oligometastases, firstly proposed by Hellman and Weichselbaum^[@CR4]^, are characterized by the presence of fewer than five metastases^[@CR5]^. Compared with the strongly invasive and metastatic properties of polymetastatic disease, oligometastatic disease is less aggressive and has limited growth potential^[@CR6]^. In non-small-cell lung cancer, oligometastastic patients have better prognosis than polymetastatic cases^[@CR7]^. However, only a small number of studies have been published to address the prognosis of patients with EC regarding the number of metastases. Prognostic factors for metastatic EC patients have been investigated, and better performance, limited metastases, and aggressive primary tumor radiotherapy were found to be associated with improved survival^[@CR8]--[@CR10]^. However, the prognostic factors for EC patients with oligometastases were largely unknown.

An effective tool is crucial for the differentiation of high-risk patients, who will obtain clinical benefit from intensive therapy. However, there are currently no such tools available for evaluation of prognosis of EC patients with oligometastases. The nomogram, a simple graphic representation of a statistical prediction model, has successfully been developed in lung^[@CR11]^ and breast^[@CR12]^ cancer and others^[@CR13]^. Importantly, it has been validated to be superior to the traditional TNM staging systems in the prognosis prediction of cancer patients. A nomogram based on the clinical factors and treatment strategies may be promising in the quantitative evaluation of survival in EC patients with oligometastases.

We therefore conducted this study to explore the prognostic factors with regard to progression-free survival (PFS) and overall survival (OS) in EC patients with oligometastases, and to develop practical nomogram models for their prognosis prediction.

Results {#Sec2}
=======

Patient characteristics {#Sec3}
-----------------------

Among 576 patients with metastatic EC, 273 (47.4%) of them had oligometastases and 303 (52.6%) patients had polymetastatic EC. 273 oligometastatic EC patients were enrolled in this study, and 152 patients died and 229 patients developed disease progression within a median follow-up of 14.2 mo. Among 229 patients with disease progression, 121 patients had enlargement of original lesions, 59 patients had newly-occurred metastases, and 49 patients had both newly-occurred metastases and enlargement of original lesions.

Patient, tumor and treatment characteristics are shown in Table [1](#Tab1){ref-type="table"}. The median age of all patients was 61 years (range 50--86 years), and male-to-female ratio was 224: 49. 96.3% of patients had Eastern Cooperative Oncology Group (ECOG) of 0--1. Seventeen patients experienced esophageal fistula due to tumor development or treatment. In terms of tumor characteristics, most of the tumors were located in the thoracic esophagus and 91.2% was squamous cell cancer. One hundred and forty-one of 170 patients received definitive dose radiotherapy (≥ 5,040 cGy) of the primary esophageal tumor, while others received palliative dose radiotherapy. In addition, 148 patients received local treatment for metastases, and 142 among them received radiotherapy, 6 received interventional chemoembolization.Table 1Patients, tumor and treatment characteristics.VariablesNo. (%)**Patient characteristics**Age ≤ 61142 (52%) \> 61131 (48%)Sex Male224 (82.1%) Female49 (17.9%)ECOG performance status 0--1263 (96.3%) 2--310 (3.7%)Smoking history No116 (42.5%) Yes157 (57.5%)Smoking index \< 600170 (62.3%) ≥ 600103 (37.7%)History of alcohol consumption No121 (44.3%) Yes152 (55.7%)Esophageal fistula No256 (93.8%) Yes17 (6.2%)**Tumor characteristics**Location Cervical6 (2.2%) Upper thoracic58 (21.3%) Middle thoracic94 (34.4%) Lower thoracic103 (37.7%) Synchronous12 (4.4%)Pathological type Squamous249 (91.2%) Adenocarcinoma7 (2.6%) Small cell17 (6.2%)Longitudinal lengthT stage T1--T3203 (74.4%) T466 (24.2%) Unknown4 (1.6%)N stage N0--N1123 (45.1%) N2--N3150 (54.9%)Number of metastases 1131 (48%) 298 (35.9%) 326 (9.5%) 411 (4%) 57 (2.6%)Number of metastatic organs 1170 (62.3%) 291 (33.3%) 312 (4.4%)Distant lymph node 0--1188 (68.9%) \> 185 (31.1%)Liver metastasis No244 (89.4%) Yes29 (10.6%)Lung metastasis No244 (89.4%) Yes29 (10.6%)Bone metastasis No258 (94.5%) Yes15 (5.5%)**Treatment characteristics**Treatment protocol Single chemotherapy94 (34.4%) Concurrent chemoradiotherapy59 (21.6%) Sequential chemoradiotherapy91 (33.3%) Single radiotherapy18 (6.6%) Surgery + adjuvant therapy11 (4%)Local radiotherapy for EC No103 (37.7%) Yes170 (62.3%)Local treatment for metastases No125 (45.8%) Partial metastases18 (6.6%) All metastases130 (47.6%)EC, esophageal cancer.

Survival analysis {#Sec4}
-----------------

The median PFS was 7.9 mo (95% confidence interval (CI) 7.0--8.8 mo), and PFS rate was 63.6% and 25.7% at 6 and 12 mo, respectively. Median OS was 18.4 mo (95% CI 16.1--20.8 mo), and the survival rate was 68.2% at 12 mo and 38.7% at 24 mo. The results of univariate and multivariate Cox analyses are shown in Tables [2](#Tab2){ref-type="table"} and [3](#Tab3){ref-type="table"}, respectively.Table 2Univariate and multivariate Cox models for PFS.VariablesUni HR95% CI*P* valueMulti HR95% CI*P* value**Patient characteristics**Age  ≤ 611 \> 600.730.56--0.950.02Sex Male1 Female0.690.49--0.980.04ECOG performance status 0--11 2--31.971.04--3.730.038Smoking index \< 6001 ≥ 6001.401.07--1.830.014History of alcohol consumption No11 Yes1.471.13--1.910.0041.371.03--1.840.033Esophageal fistula No1 Yes1.510.91--2.510.11**Tumor characteristics**Location Cervical1 Upper thoracic0.950.38--2.40 Middle thoracic1.270.52--3.14 Lower thoracic1.220.49--3.00 Synchronous1.770.62--5.030.33Pathological type Squamous1 Adenocarcinoma0.670.28--1.62 Small cell0.760.44--1.310.42Longitudinal length1.081.02--1.130.061.091.04--1.150.001T stage T1--T31 T41.150.85--1.570.37N stage N0--N11 N2--N31.351.04--1.750.027Number of metastases 11 21.331.0--1.78 31.080.67--1.74 42.531.36--4.74 53.021.31--6.950.004Number of metastatic organs 11 21.351.02--1.78 31.730.93--3.200.041Distant lymph node 0--11 \> 11.140.86--1.510.33Liver metastasis No1 Yes1.200.80--1.790.38Lung metastasis No1 Yes1.631.07--2.480.022Bone metastasis No1 Yes1.320.75--2.320.33**Treatment characteristics**Treatment protocol Single chemotherapy1 Concurrent chemoradiotherapy0.350.24--0.50 Sequential chemoradiotherapy0.330.24--0.45 Single radiotherapy0.330.20--0.58 Surgery + adjuvant therapy0.550.28--1.07 \< 0.001Local radiotherapy for EC No11 Yes0.310.24--0.41 \< 0.0010.370.24--0.56 \< 0.001Local treatment for metastases No11 Partial metastases0.430.25--0.760.560.28--1.11 All metastases0.400.30--0.530.000.630.42--0.960.032EC, esophageal cancer; PFS, progression free survival; HR, hazard ratio; CI, confidence interval. Table 3Univariate and multivariate Cox models for OS.VariablesUni HR95% CI*P* valueMulti HR95% CI*P* value**Patient characteristic**Age ≤ 611 \> 600.720.52--1.000.046Sex Male11 Female0.570.34--0.940.0270.480.27--0.880.016Smoking index \< 6001 ≥ 6001.421.03--1.960.034ECOG performance status 0--11 2--31.380.51--3.740.53History of alcohol consumption No1 Yes1.370.99--1.890.06Esophageal fistula No11 Yes2.701.58--4.62 \< 0.0012.51.35--4.640.004**Tumor characteristics**Location Cervical1 Upper thoracic3.640.50--26.6 Middle thoracic3.730.52--27.0 Lower thoracic3.760.52--27.1 Synchronous8.341.05--66.00.12Pathological type Squamous1 Adenocarcinoma0.830.31--2.25 Small cell1.080.60--1.960.90Longitudinal length1.071.00--1.140.052T stage T1--T31 T41.110.76--1.620.59N stage N0--N11 N2--N31.250.91--1.720.18Number of metastases 11 21.601.13--2.28 31.290.71--2.34 42.551.27--5.12 52.820.88--9.050.013Number of metastatic organs 111 21.591.13--2.251.741.18--2.56 32.111.02--4.350.0092.001.25--7.210.001Distant lymph node 0--11 \> 11.541.09--2.170.014Liver metastasis No1 Yes0.960.55--1.680.89Lung metastasis No1 Yes1.661.04--2.660.035Bone metastasis No1 Yes1.140.58--2.240.70**Treatment characteristics**Treatment protocol Single chemotherapy1 Concurrent chemoradiotherapy0.530.34--0.83 Sequential chemoradiotherapy0.500.34--0.74 Single radiotherapy0.820.44--1.54 Surgery + adjuvant therapy0.690.31--1.540.006Local radiotherapy for EC No11 Yes0.510.37--0.71 \< 0.0010.150.23--0.930.041Local treatment for metastases No1 Partial metastases0.440.20--0.96 All metastases0.520.37--0.72 \< 0.001EC, esophageal cancer; OS, overall survival; HR, hazard ratio; CI, confidence interval.

On univariate analyses, ≤ 61 male patients with higher smoking index or history of alcohol consumption were found to have inferior PFS and OS, and poor ECOG performance status was associated with inferior PFS but not OS. In the field of tumor characteristics, the longitudinal length, N stage, number of metastases and metastatic organs, and lung metastasis were found to be significant factors of disease progression; and the longitudinal length, number of metastases and metastatic organs, distant lymph node and lung metastasis were found to be predictive factors for death. Besides, treatment protocol, local radiotherapy for EC and local treatment for metastases were also found to be associated with the PFS and OS.

Multivariate analyses of PFS demonstrated that history of alcohol consumption, longer tumor, lack of local radiotherapy for EC and lack of local treatment for metastases were independent factors for disease progression. Sex, esophageal fistula, number of metastatic organs, and local radiotherapy for EC were independent prognostic factors for OS. However, number of metastasis has lost the significance in multivariate analyses of PFS and OS. The independent risk factors for PFS and OS were validated in survival curves using Kaplan--Meier analyses (Figs. [1](#Fig1){ref-type="fig"}, [2](#Fig2){ref-type="fig"}).Figure 1Kaplan Meier survival plots of independent risk factors for PFS in oligometastatic EC patients. (**A**) History of alcohol consumption; (**B**) local radiotherapy for EC; (**C**) local treatment for metastases. PFS, progression free survival; EC, esophageal cancer. Figure 2Kaplan Meier survival plots of independent risk factors for OS in oligometastatic EC patients. (**A**) Sex; (**B**) esophageal fistula; (**C**) number of metastatic organs; (**D**) local radiotherapy for EC. OS, overall survival; EC, esophageal cancer.

Prognostic nomogram for PFS and OS {#Sec5}
----------------------------------

The prognostic nomogram for PFS and OS (Figs. [3](#Fig3){ref-type="fig"}A, [4](#Fig4){ref-type="fig"}A) was established by integrating independent factors for PFS and OS, respectively. The nomogram of PFS assigned points based on history of alcohol consumption, longitudinal length of tumor, local radiotherapy for EC and local treatment for metastases. Outcomes were reported as 6- and 12-months PFS. The nomogram of OS included sex, esophageal fistula, number of metastatic organs, and local radiotherapy for EC, and outcomes were reported as 12- and 24-month OS. The uncorrected concordance index (C-index) was 0.75 for PFS prediction and 0.734 for OS prediction, and the corrected C-index generated by internal cross-validation was 0.739 and 0.696, respectively. The calibration plot for the probability of PFS at 6 or 12 mo (Fig. [3](#Fig3){ref-type="fig"}B, C), and survival at 12 or 24 mo (Fig. [4](#Fig4){ref-type="fig"}B, C) illustrated the optimal agreement between the actual observation and the prediction of PFS and OS by the nomogram.Figure 3Nomogram and calibration curve for predicting PFS at 6- and 12-month for oligometastatic EC patients. (**A**) Nomogram; The nomogram is used by adding the point identified on the points scale of each variable. The sum of points is located on the Total Points axis, and a line is drawn down to indicate the 6- and 12-month PFS. (**B**) Calibration curve for 6-month PFS; (**C**) Calibration curve for 12-month PFS. PFS, progression free survival; EC, esophageal cancer. Figure 4Nomogram and calibration curve for predicting OS at 12- and 24-month for oligometastatic EC patients. (**A**) Nomogram; The nomogram is used by adding the point identified on the points scale of each variable. The sum of points is located on the Total Points axis, and a line is drawn down to indicate the 12- and 24-month survival. (**B**) Calibration curve for 12-month OS; (**C**) calibration curve for 24-month OS. OS, overall survival; EC, esophageal cancer.

Decision curve analysis (DCA) were performed in order to determine the reliability of results of nomograms-based predictions for different decision thresholds. Decision curves for the prediction of progression after 6 months and death after 12 months are shown in Fig. [5](#Fig5){ref-type="fig"}A, B, respectively. The displayed DCA showed a favorable prediction of the nomogram for disease progression and death.Figure 5Decision curve analysis of nomogram model for predicting PFS and OS of oligometastatic EC patients. The dash line represents the net benefit of nomogram model. (**A**) Decision curve analysis of nomogram models for predicting 6-month PFS of oligometastatic EC patients. The gray and black lines represent that no patients and all patients would progress, respectively. (**B**) Decision curve analysis of nomogram models for predicting 12-month survival of oligometastatic EC patients. The gray and black lines represent that no patients and all patients would die, respectively. PFS, progression free survival; OS, overall survival; EC, esophageal cancer.

Discussion {#Sec6}
==========

Oligometastatic EC has favorable prognosis due to its indolent property, when compared to polymetastatic EC^8,9^. However, the prognostic factors for oligometastatic EC patients were still unclear. Our study, for the first time, performed survival analyses for individualized prediction of EC patients with oligometastases, and developed and validated nomograms to quantitatively evaluate survival. The nomograms permitted integration of patient, tumor and treatment characteristics, and provided patient-specific estimates of OS and PFS, which could be used for the prognosis prediction of EC patients with oligometastases.

In previous studies, history of alcohol consumption was a risk factor and led to an adverse outcome for esophageal squamous cell carcinoma (ESCC) patients^[@CR14],[@CR15]^. Similarly, history of alcohol consumption was found to be an independent prognostic factor for PFS in oligometastatic EC patients in the present study. Cumulative exposure to alcohol may cause more aggressive phenotype, then result in aggressive development and metastases of tumor combined with the mutagenic metabolic products and metabolic interactions^[@CR16]^. Our study also demonstrated that longer tumor was related to inferior outcome, and was an independent risk factor for PFS but not for OS in oligometastatic EC patients. Although length of EC was not evaluated in the staging system, it has been proven to be a prognostic parameter for poor OS of lower stage EC (N0/N1), but not for N2/N3 EC. Moreover, tumor length was also regarded as a powerful marker for aggressiveness in ESCC^[@CR17],[@CR18]^. The prognostic role of tumor length in PFS but not OS might be attributed to the diversity of tumor treatment after first-line therapy.

Sex, fistula and number of metastatic organs were also found to be independent prognostic factors for PFS of oligometastatic EC patients. Compared to male patients, female patients had a lower risk of death from oligometastatic EC, which was consistent with the results in metastatic EC patients^[@CR19]^. The better outcome in female EC patients might be attributed to exposure to estrogens, which was found to inhibit squamous cell tumor growth^[@CR20]^. Due to the development or treatment of EC, 17 patients experienced esophageal fistula in our study and had extremely poor prognosis with the median survival of 2--3 mo, on account of infection, hemorrhage or abscess followed by fistula^[@CR21]^. A greater number of metastatic organs was related to worse prognosis. In spite of the indolent nature of oligometastatic EC, the large number of metastatic organs represents the higher growth potential and higher ability to metastasize, which could result in widespread metastasis and poor prognosis^[@CR22]^.

Current guidelines recommended platinum-based chemotherapy for metastatic EC^[@CR23]^. We found that additional radiotherapy for primary esophageal tumor was an independent protective factor for PFS and OS in oligometastatic EC. More importantly, local treatment for metastases was also associated with favorable prognosis in oligometastatic EC. Radical radiotherapy of all metastases has been demonstrated to achieve long-term survival in patients with oligometastatic breast cancer^[@CR24]^ and lung cancer^[@CR25]^. Patients with oligometastatic esophagogastric junction and gastric cancer were also found to obtain survival benefit from aggressive surgical treatment of metastases^[@CR26]^. Our study is believed to be the first to demonstrate the efficacy of local treatment of metastases (whether partial or all metastases) in oligometastatic EC patients. Due to the lower invasiveness and limited development potential of oligometastatic EC, local radical treatment could further inhibit tumor development, invasion and migration. Therefore, on the basis of systemic chemotherapy, radical treatment of primary esophageal lesions and metastatic lesions may achieve long-term disease control, and even cure oligometastatic EC.

We further established visual nomogram models to quantitatively predict PFS and OS of oligometastatic EC patients, by incorporating the independent prognostic factors. The C-index of models remained at 0.739 and 0.696 after cross-validation for PFS and OS respectively, suggesting the powerful predictive capability of these models. Besides, DCA also demonstrated the favorable prediction of these nomogram models. The nomogram could provide the patient-specific estimates of OS and PFS at individual level using the patient's characteristics. Aggressive local interventions are recommended for oligometastatic cancer patients, and patient-specific survival can be estimated using the nomogram. For example, if patients who have received aggressive local interventions but are still with high risk of progression and death, closer monitoring and further intensive treatment (like immunotherapy) may be considered. For patients who have not received prior local treatment and in the high risk of progression, further aggressive local interventions and intensive systemic treatment may be recommended. It is very interesting for further clinical studies to verify these hypotheses. We hope these predictive nomograms would offer feasible and practical reference for individualized management of EC patients in the near future.Our present study had some limitations. First, this was a retrospective study, and selection bias was inevitable. Prospective clinical trials for validation of our findings are needed in the future. Second, there was some heterogeneity in the treatment strategies and chemotherapeutic drugs among patients enrolled in our study. The optimal therapy patterns and the regimens also need to be determined in future studies.

Conclusions {#Sec7}
===========

Oligometastatic EC patients with history of alcohol consumption, longer tumor had inferior PFS. And male patients with esophageal fistula, multiple metastatic organs were found to have inferior OS. Furthermore, local treatment for metastases and local radiotherapy for EC were demonstrated to be beneficial to the survival of oligometastatic EC patients. The prognostic nomograms were able to predict individual survival and provide evidence for clinical decision-making.

Materials and methods {#Sec8}
=====================

Patient population and data collection {#Sec9}
--------------------------------------

We have reviewed the medical records of metastatic EC patients in Shandong Cancer Hospital, between March 2013 and December 2018. The eligibility criteria for our retrospective analysis were as follows: (1) pathological diagnosis of EC; (2) newly diagnosed inoperable metastatic EC; (3) oligometastatic tumor that was defined as 1--5 metastases; and (4) available medical records. This study was performed in accordance with the principles of the 1975 Declaration of Helsinki and its later amendments or comparable ethical standards, and was approved by the Ethics Committee of Shandong Cancer Hospital. Due to the retrospective nature of the study, informed consent was waived by the Ethics Committee of Shandong Cancer Hospital and Institute.

The medical records, with regard to patient, tumor and treatment characteristics of each oligometastatic EC patient, were reviewed. Alcohol consumption was defined as the patients with a history of alcohol use. Longitudinal length was the length of EC which was measured under endoscopy, and analyzed as a continuous variable. And heavy smoking was defined as the smoking index ≥ 600. The tumor characteristics included the location, pathological type, cTNM stage based on the enhanced computed tomography (CT) scan, and characteristics of metastases. And treatment characteristics involved treatment protocol, local radiotherapy for EC and local treatment for oligometastases. The number of metastatic organs was defined as the number of organs which the metastases were located (including but not limited to metastatic lymph node, liver, lung and bone).

We applied a uniform database template to ensure consistent data collection. Tumor response was assessed by cervical, thoracic and abdominal enhanced CT, on the basis of Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1. The survival data were collected from the Shandong Cancer Hospital medical record system or by telephone follow-up. PFS and OS were estimated from diagnosis of EC to the date of progression and the date of death or last follow-up, respectively.

Statistical analysis {#Sec10}
--------------------

Univariate and multivariate Cox hazards models were used for OS and PFS analyses to assess the independent prognostic values for oligometastatic EC patients. Variables with *P* \< 0.1 in univariate analyses were included in multivariate Cox models. The hazard ratio (HR) with 95% confidence interval (CI) were calculated, and *P* \< 0.05 was considered to be statistically significant. Survival curves were depicted using the Kaplan--Meier method and compared with the log-rank test.

On the basis of results of multivariate Cox analyses, the nomogram was established for PFS and OS of EC patients. The final OS and PFS models were internally validated by bootstrapping using 100 resamples and cross-validation methods. Internal cross-validation with bootstrapping, which has been shown to be an effective method for creating unbiased patient-specific predictions, was used to validate the established nomograms^[@CR27]^. The discriminatory ability and veracity of the Cox models was measured by C-index. And the calibration curve was generated by a plot of the predicted survival probabilities against the observed probabilities. Survival analyses were accomplished using SPSS version 24.0 (IBM Corp., Armonk, NY, USA), and nomogram was performed with the packages "rms" and "pec" in R version 3.6.0 (R Foundation for Statistical Computing, Vienna, Austria). DCA were performed to determine the clinical net benefit of different probability thresholds for the reliability of the model by R-script stdca. The statistical methods of this study were reviewed by Xiu-Bin Sun from the Department of Biostatistics, School of Public Health in Shandong University.

Ethical approval and consent to participate {#Sec11}
-------------------------------------------

This study was approved by the Ethics Committee of Shandong Cancer Hospital and Institute. Due to the retrospective nature of the study, informed consent was waived by the Ethics Committee of Shandong Cancer Hospital and Institute.

**Publisher\'s note**

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

This work was supported by the following grant: The Project of Postdoctoral Innovation of Shandong Province (Grant Nos. 201501010, 201601006), the Project of Postdoctoral Science Foundation of China (Grant No. 2016M590640) and National Natural Science Foundation of China (Grant No. 815026).

Conception and design: B.T.L., L.L.W., X.D.S.; Administrative support: W.L.L., P.X., X.M.; Provision of study materials or patients: X.M., X.D.S., L.L.W.; Collection and assembly of data: B.T.L., W.L.L., B.Z., P.X.; Data analysis and interpretation: B.T.L., R.Q.W., T.Z., X.B.S., C.J.; Manuscript writing: all authors; Final approval of manuscript: all authors.

The datasets analysed during the current study are available from the corresponding author on reasonable request.

The authors declare no competing interests.
